Abstract
The exchange between different equilibrium and out-of-equilibrium platinum coordination modes can be orthogonally controlled thermodynamically with a proton input and kinetically using light.
Main text
The operational basis for devices and smart materials, such as molecular machines 1 and switchable polymers 2 , is often a non-covalent (supramolecular) or transition metal-ligand motif which undergoes reversible change in response to an external stimulus. In almost all cases, 3 the stimulus functions by adjusting the thermodynamic position of the equilibrium; in systems that rely upon exclusively weak interactions such as hydrogen-bonding or π-π interactions, 1a-c re-equilibration often occurs very quickly such that out-of-equilibrium states cannot be easily detected. In contrast, systems which utilise transition metal-ligand interactions often occur on a much slower timescale, minutes, hours or even days. 4, 5 As such, metastable states, which have been shown to be important in molecular electronics 6 and machine ratcheting mechanisms 7 , can be observed or even isolated and these systems often require the input of heat to overcome the kinetic barrier to re-equilibration. 5, 8, 9 However, heat does not alter the magnitude of this barrier and so cannot be thought of as a "kinetic stimulus". Here we report the switchable behaviour of heteroleptic, acceptor-donor-type platinum coordination complexes in which we orthogonally use a proton input to adjust the equilibrium position and exploit light to selectively lower the energetic barrier to equilibration.
The system under study aimed to combine the preference of group 10 transition metals to selectively bind heterocycles as a function a basicity, 2b,5 a thermodynamic bias that can be reversed by the addition of an with PyNMe 2 at the same temperature (313 K) gave a ratio of 28:72 after 11 days. However, the sluggishness of the thermal exchange process (even at 333 K), coupled with the slow but steady decomposition of the complexes that occurred after further, prolonged heating, ensured that this reaction could not be followed to completion. days at 313 K and a further 11 days at 333 K. In both cases, the thermal reactions were halted prior to equilibrium due to small amounts of decomposition.
To reverse the coordinative bias of the heterocycles, it was anticipated that a second equivalent of acid could be used. Promisingly, the addition of 1 equiv. of TsOH to [trans-HLPt(PyNMe 2 )(PyR)]OTs (R = A likely mechanism for the pronounced rate enhancements upon irradiation is through excitation into a In conclusion, we have described the orthogonal, dual stimuli-responsive behaviour of heteroleptic cyclometalled platinum complexes, in which protons are used to switch the thermodynamic bias, and in which light functions as a true kinetic stimulus by lowering the activation barrier to ligand exchange. We envisage that switchable complexes such as these, where both the thermodynamic and kinetic components of switching can be independently manipulated, will play a pivotal role in the development of future devices and smart materials.
